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(54) INFORMATION RECORDING MEDIUM AND INFORMATION REPRODUCING APPARATUS 



(57) There is provided an information recording 
medium and an information reproducing apparatus 
capable of carrying out information reproduction and 
tracking control by utilizing near-field light A data bit 12 
of a convex having a section orthogonal to a tracking 
direction in a triangular shape is formed on an informa- 
tion recording medium 3 as an information unit, by scat- 
tering near-field light formed at a reproducing probe 1 at 
inclined faces of the data bit 12 with directionaTities, 
fluxes of reflected and scattered flght thereby are 
detected by reproduced light detectors 6 and 7 
arranged symmetrically in a left and right direction rela- 
tive to a central axis of the reproducing probe 1 along 
the tracking direction, a differential signal between the 
detected signals is outputted by a difference circuit 20 
and an actuator 22 is driven by the differential signal via 
a tracking signal forming circuit 21 and a position of the 
reproducing probe 1 is controlled to carry out the track- 
ing control. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to an informa- 
tion recording medium which is reproducible by utilizing 
near-field light and an information reproducing appara- 
tus for reproducing information recorded on the informa- 
tion recording medium at high density, particularly to an 
information recording medium and an information repro- 
ducing apparatus enabling tracking control. 

BACKGROUND OF THE INVENTION 

[0002] Currently, many of information reproducing 
apparatus carry out reproduction of information with an 
information medium of a magnetic disk or an optical disk 
as an object, particularly, CD (Compact Disk) which is 
one of optical disks is widely used as a medium ena- 
bling information recording at high density and mass 
production at low cost and recording a large capacity of 
information. A surface of CD is formed with pits each 
having a size of about a wavelength of laser beam used 
in reproduction and a depth of about a quarter of the 
wavelength and reading operation utilizing interference 
phenomenon of light is carried out. 
[0003] In reading recorded information from an opti- 
cal disk represented by CD, generally, there is utilized a 
lens optical system used in an optical microscope. In 
this case, when an information recording density is 
increased by reducing a size of the pit or a track pitch 
thereof, a deadlock is reached by the problem of diffrac- 
tion limit of light in which a spot size of laser beam can- 
not be made equal to or smaller than a half wavelength 
and an information recording unit cannot be reduced to 
a size smaller than the wavelength of laser beam. 
[0004] Further, not only in CD but also in optical 
recording disks recorded with information by a mag- 
neto-optical recording system and a phase change 
recording system, record and reproduction of informa- 
tion at high density is realized by a very small spot of 
laser beam and accordingly, the information recording 
density is restricted by a diameter of the spot provided 
by converging laser beam. 

[0005] Hence, in order to break the restriction 
imposed by the diffraction limit, there is proposed an 
information reproducing apparatus using an optical 
head provided with a very small aperture having a diam- 
eter equal to or smaller than a wavelength of laser beam 
utilized for reproduction, for example, a diameter of 
about 1/10 of the wavelength and utilizing near-field 
light (including both of near-field light and far-field light) 
formed at the very small aperture portion. 
[0006] Originally, as an apparatus utilizing near- 
field light, there is provided a near-field microscope 
using a probe having the above-described very small 
aperture and the near-field microscope is utilized in 
observing a very small surface structure of a sample. As 



one of systems of utilizing near-field light in a near-field 
microscope, there is provided a system in which a very 
small aperture of a probe and a surface of a sample are 
made proximate to each other such that a distance ther- 

5 ebetween is equal to about a diameter of the very small 
aperture of the probe and by introducing propagating 
light via the probe toward the very small aperture of the 
probe, near-field light is formed at the very small aper- 
ture (illumination mode). In this case, scattered light 

10 produced by interaction of the formed near-field light 
and the surface of the sample, is detected by a scat- 
tered light detecting system with an intensity and a 
phase reflecting a fine structure of the surface of the 
sample and there is enabled observation having high 

is resolution which cannot be realized by a conventional 
optical microscope. 

[0007] Further, as other system of a near-field 
microscope utilizing near-field light, there is provided a 
system in which a sample is irradiated with propagating 

20 light to thereby localize near-field light on the surface of 
the sample and a very small aperture of a probe is 
made proximate to the surface of the sample to a 
degree of a diameter of the very small aperture of the 
probe (collection mode). In this case, scattered light 

25 produced by interaction of the localized near-field light 
and the very small aperture of the probe, is guided to a 
scattered fight detecting system via the very small aper- 
ture of the probe with an intensity and a phase reflecting 
a fine structure of the surface of the sample to thereby 

so achieve observation with high resolution. 

[0008] According to the above-described informa- 
tion reproducing apparatus utilizing near-field fight, 
there are utilized these observation systems in the near- 
field microscope and by unitizing the near-field light, 

35 there is enabled reproduction of information of an infor- 
mation recording medium recorded with information 
with higher density. 

[0009] In order to realize reproduction of informa- 
tion recorded on the information recording medium with 

40 high density by utilizing the above-described near-field 
light there is needed a positioning control technology 
for moving the very small aperture portion of the probe 
constituting an optical head to an arbitrary position on 
the information recording medium with high precision. 

45 [0010] In the case of a magnetic disk apparatus, 
generally, as positioning control, there are adopted a 
servo face servo system and a sector servo system. 
The servo face servo system is a method in which one 
face in a plurality of disk faces is used exclusively for 

so servo, a magnetic head for servo is positioned relative 
to the servo face and a remaining disk face and a mag- 
netic head are used for data. Further, the sector servo 
system is a method in which servo information is 
embedded sporadically on data face and by using the 

55 servo information detected discretely, a magnetic head 
is positioned on data tracks. 

[0011] However, it is difficult to apply positioning 
control adopted in these magnetic disk apparatus to 
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positioning control in respect of reproduction of a high 
density information recording medium by near-field 
light. For example, according to the above-described 
servo face servo system, positional accuracies of a 
head for servo and a head for data are determined by 
mechanical accuracies and accordingly, there is a case 
in which a positional shift is produced between the both 
heads by a difference in temperature distribution and 
the system is not suitable for being adopted as position- 
ing control in respect of an information recording 
medium with high density formation. 
[0012] Further, according to the above-described 
sector servo system, although there causes no posi- 
tional shift of heads caused by the difference in the tem- 
perature distribution which is problematic in the servo 
face servo system, at a design stage of a control sys- 
tem, the control system needs to deal with as a discrete 
value system different from a conventional continuous 
system and in the case of an information reproducing 
apparatus utilizing near-field light there is needed high 
accuracy positioning with regard to an information 
recording medium with particularly high density forma- 
tion and accordingly, ft is_rK)t ptefe^Ia.JtoJ«e_suchLA JQ01-7] In .order 
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a devise is needed when the methods are applied to 
detection of nonpropagated beam (near-field) such as 
near-field light and reflected and scattered light thereof. 
Further, particularly, in a case of an information record- 
ing medium enabling reproduction by utilizing near-field 
light, an information recording unit can be determined 
not only by recess and projection information as in a pit 
formed on a conventional optical disk but also a differ- 
ence in an optical property and accordingly, there is 
requested an information reproducing apparatus for 
carrying out optical head positioning control, particu- 
larly, tracking in order to reproduce such an information 
recording medium. 

[0016] It is an object of the invention to provide an 
information recording medium and an information repro- 
ducing apparatus for realizing reproduction of informa- 
tion having high reliability in respect of an information 
recording medium recorded with information at high 
density, particularly, tracking by a simple constitution. 

DISCLOSURE OF THE INVENTION 



complicated control system. 

[0013] Meanwhile, according to an optical disk 
apparatus, as positioning control methods, particularly 
as tracking error detecting methods, there are adopted 
a three beam method, a push-pull method and a pre- 
wobbling tracking error detecting method. The three 
beam method is a method in which beam from a laser 
diode is divided into a total of three beams of a 0-th 
order beam (main beam) for record and reproduction 
and two 1-th order beam (sub beam) for tracking by a 
diffracting grating, two of the sub beams are slightly 
shifted from a center of a guide groove provided on an 
optical disk, fluxes of reflected beam from both of them 
are received by two fight receiving faces of an optical 
detector and an objective lens is controlled by a differ- 
ential signal thereof. 

[001 4] Further, the push-pull method is a method in 
which fluxes of reflected beam of beam irracfiated to 
guide grooves provided on an optical disk are detected 
by a two split detector and a differential signal provided 
thereby constitutes a track error signal to thereby con- 
trol an objective lens. The prewobbling tracking error 
detecting method is a method in which a set of two long 
pits (prewobbling marks) A and B are previously 
arranged on an optical disk to slightly shift from each 
other in the disk radius direction relative to a center of a 
track and a change in an amount of fluxes of reflected 
beam from the pits A and B produced in tracing the 
center of the track by a light spot, constitutes a track 
error signal to thereby control an objective lens. 
[0015] The above-described tracking error detect- 
ing methods of the optical disk apparatus are methods 
in the case in which both of irradiated light to the pit 
formed on the optical disk and reflected light reflected 
thereby are dealt with as propagating light (far-field) and 



to achieve the above-described 
object, according to a first aspect of the invention, there 
25 is provided an information recording medium character- 
ized in that in an information recorting medium in which 
information to be reproduced by a reproducing probe 
provided with a very small aperture for forming near- 
field light is formed oh a surface of the medium, wherein 
so a unit of the information is constructed by a structure in 
which inclined faces or curved faces are provided sym- 
metrically in a left and right direction relative to a read- 
ing direction and the left and right inclined faces 
intersect with each other or the left and right curved 
35 faces coincide with each other. 

[001 8] According to the first aspect of the invention, 
the unit of information is constructed by the structure in 
which the inclined faces or the curved faces are pro- 
vided symmetrically in the left and right direction with 
40 the reading direction as the central axis and accordingly, 
directionalities can be given to fluxes of reflected light 
which are reflected when the unit of information is irradi- 
ated with fluxes of light and a difference between inten- 
sities of the fluxes of reflected light can be unitized as a 
45 signal for tracking. 

[0019] Further, according to a second aspect of the 
invention, there is provided the information recording 
medium according to the first aspect, characterized in 
that the unit of the information is constituted by a section 
so orthogonal to the reading direction in a triangular shape. 
[0020] According to the second aspect of the inven- 
tion, the section of the unit of information orthogonal to 
the reading direction is formed in the triangular shape 
and accordingly, when the unit of information is irradi- 
55 ated with fluxes of light the fluxes of light can efficiently 
be reflected at the inclined faces of the unit of informa- 
tion, further, the directionalities can be given to fluxes of 
the reflected light and accordingly, the difference 
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between the intensities of the fluxes of reflected tight 
can be utilized as a signal for tracking. 
[0021] Further, according to a third aspect of the 
invention, there is provided the information recording 
medium according to the first aspect, characterized in 
that the unit of the information is constituted by a section 
orthogonal to the reading direction in a semicircular 
shape. 

[0022] According to the third aspect of the inven- 
tion, the section of the unit of the information orthogonal 
to the reading direction is formed in the semicircular 
shape and accordingly, when the unit of information is 
irradiated with fluxes of light the fluxes of fight can effi- 
ciently be reflected at the curved faces of the unit of the 
information, further, the directionalities can be given to 
fluxes of the reflected light and accordingly, the differ- 
ence between the intensities of the fluxes of reflected 
light can be utilized as a signal for tracking. 
[0023] Further, according to a fourth aspect of the 
invention, there is provided the information recording 
medium according to the second or the third aspect, 
characterized in that the unit of the information is 
formed in a convex relative to a surface of the medium. 
[0024] According to the fourth aspect of the inven- 
tion, the unit of information is constructed by a structure 
in which the unit of the information is provided with the 
inclined faces or the curved feces symmetrically in the 
left and right direction with the reading direction as the 
central axis and is formed in the convex relative to the 
surface of the information recording medium and 
accordingly, when the unit of the information is irradi- 
ated with fluxes of light which are shifted on the left side, 
the fluxes of light can be reflected strongly in the left 
direction and when the unit of the information are irradi- 
ated with fluxes of light which are shifted on the right 
side, the fluxes of light can be reflected strongly in the 
right direction and accordingly, the difference between 
the intensities of fluxes of reflected light can be utilized 
as a signal for tracking. 

[0025] Further, according to a fifth aspect of the 
invention, there is provided the information recording 
medium according to the second or the third aspect, 
characterized in that the unit of the information is 
formed in a concave relative to a surface of the medium. 
[0026] According to the fifth aspect of the invention, 
the unit of information is constructed by a structure in 
which the unit of the information is provided with the 
inclined faces or the curved faces symmetrically in the 
left and right direction with the reading direction as the 
central axis and is formed in the concave relative to the 
surface of the information recording medium and 
accordingly, when the unit of information is irradiated 
with fluxes of light which are shifted to the left, the fluxes 
of light can be reflected strongly in the right direction 
and when the unit of information is irradiated with fluxes 
of fight which are shifted to the right, the fluxes of light 
can be reflected strongly in the left direction and accord- 
ingly, the difference between the intensities of fluxes of 



the reflected light can be utilized as a signal for tracking. 
[0027] Further, according to a sixth aspect of the 
invention, there is provided the information recording 
medium according to any one of the first through the 

5 fifth aspects, characterized in that a metal reflecting film 
is formed on the surface of the medium. 
[0028] According to the sixth aspect of the inven- 
tion, the metal reflecting film is formed on the surface of 
the information recording medium and accordingly, 

io fluxes of light irradiated to the unit of information can 
efficiently be reflected. 

[0029] Further, according to a seventh aspect of the 
invention, there is provided an information reproducing 
apparatus for reproducing information by a reproducing 

is probe provided with a very small aperture for forming 
near-field light, characterized in comprising an informa- 
tion recording medium in which a unit of the information 
is constructed by a structure in which inclined faces or 
curved faces are provided symmetrically in a left and 

20 right direction relative to a reading direction and the left 
and the right inclined faces intersect with each other or 
the left and the right curved faces coincide with each 
other, and a control apparatus for detecting fluxes of 
reflected and scattered light produced by scattering the 

zs near-field light by the unit of the information at at least 
two positions symmetrical with each other relative to a 
central axis of the very small aperture along the reading 
direction and controlling a position of the reproducing 
probe in accordance with a detected signal. 

30 [0030] According to the seventh aspect of the 
invention, by forming the unit of the information con- 
structed by the structure in which the inclined faces or 
the curved faces are provided on the left and on the 
right with the reading direction as the central axis and 

35 with the central axis as a top portion, to the information 
recording medium and making the near-field light 
formed at the very small aperture of the reproducing 
probe incident on the information unit, there can be 
formed fluxes of the reflected and scattered fight pro- 

40 vided with the directionalities to the left and to the right 
the fluxes of reflected and scattered light are detected at 
at least two positions symmetrical with each other rela- 
tive to the central axis of the very small aperture and the 
position of the reproducing probe is controlled in 

45 accordance with the detected signal and accordingly, 
tracking control with high accuracy utilizing the near- 
field light can be carried out. 

[0031 ] Further, according to an eighth aspect of the 
invention, there is provided an information reproducing 

so apparatus for reproducing information by a reproducing 
probe provided with a very smalt aperture for forming 
near-field light, characterized in comprising an informa- 
tion recording medium in which a unit of the information 
is constructed by a structure in which inclined faces or 

55 curved feces are provided symmetrically in a left and 
right direction relative to a reading direction and the left 
and the right inclined faces intersect with each other or 
the left and the right curved feces coincide with each 
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other and a first and a second light detecting means [0035] Further, according to a tenth aspect of the 
arranged symmetrically with each other in the left and invention, there is provided the information reproducing 
right direction relative to a central axis of the very small apparatus according to the seventh or the eighth 
aperture along the reading direction for detecting fluxes aspect, characterized in that the reproducing probe is a 
of reflected and scattered light produced by scattering 5 probe of a cantilever type provided with the very small 
the near-field light by the unit of the information and out- aperture at a projected portion thereof, 
putting detected signals, difference calculating means [0036] According to the tenth aspect of the inven- 
tor calculating a difference between a first detected sig- tion, as the reproducing probe, there can be utilized the 
nal outputted from the first light detecting means and a probe of the cantilever-type used in the conventional 
second detected signal outputted from the second light 10 near-field microscope and accordingly, the accumulated 
detecting means and outputting a differential signal, technology of the near-field microscope can effectively 
reproducing probe position controlling means for con- be applied to the information reproducing apparatus 
trolling a position of the reproducing probe in accord- [0037] According to an eleventh aspect of the 
ance with the differential signal, and reproduced signal invention, there is provided the information recording 
forming means for calculating to add the first detected 15 apparatus according to the seventh or the eighth 
signal and the second detected signal and forming a aspect, characterized in that the reproducing probe is a 
reproduced signal. plane probe comprising a plane substrate formed by 
[0032] According to the eighth aspect of the inven- being penetrated with a hole in a shape of an inverse 
tion, by forming the unit of the information constructed cone to constitute the very small aperture by a top por- 
by the structure in which the inclined faces or the curved 20 tion thereof and the first and the second light detecting 
faces are provided on the left and on the right with the means are arranged at the plane substrata 
reading direction as the central axis and with the central [0038] According to the eleventh aspect of the 
axis _as_a_top . portion, _in._the information recording invention, as the reproducing probe, there can be uti- 
medium and making the near-fieid light formed at the lized the plane probe arranged with the first and the sec- 
very small aperture of the reproducing probe incident on 2s ord light detecting means and accordingly, a simple 
the unit of the information, there can be formed fluxes of apparatus constitution can be realized with no need of 
the reflected and scattered light provided with the direc- adjusting positions of the first and the second Eight 
tonalities to the left and to the right the fluxes of detecting means. 

reflected and scattered fight are detected by the first [0039] Further, according to a twelfth aspect of the 
and the second fight detecting means arranged at at so invention, there is provided the information reproducing 
least two positions symmetrical with each other relative apparatus according to the eleventh aspect, character- 
to the central axis of the very small aperture, the differ- ized in that the reproducing probe is the plane probe 
ential signal indicating the difference between the first arranged with a third and a fourth light detecting means 
detected signal detected and outputted by the first light for detecting the fluxes of the reflected and scattered 
detecting means and the second detected signal 35 light at vicinities of the very small aperture, 
detected and outputted by the second fight detecting [0040] According to the twelfth aspect of the inven- 
means, is formed by the difference calculating means, tion, as the reproducing probe, there can be utilized the 
positioning control of the reproducing probe in accord- plane probe arranged with the first and the second light 
ance with the differential signal can be carried out by the detecting means and the third and the fourth light 
reproducing probe position controlling means and 40 detecting means for detecting fluxes of the reflected and 
accordingly, tracking control with high accuracy utilizing scattered light at vicinities of the very small apertures 
the near-field light can be carried out Further, the repro- and accordingly, the reproduced signal having sufficient 
duced signal can be formed by calculating to add the intensity can be detected by the first and the second 
first detected signal and the second detected signal and light detecting means and the third and the fourth light 
accordingly, reproduction of the information cansimurta- 45 detecting means. 

neously be carried out [0041] Further, according to a thirteenth aspect of 
[0033] Further, according to a ninth aspect of the the invention, there is provided an information reproduc- 
invention, there is provided the information recording ing apparatus for forming near-fieid Hgjht at an informa- 
apparatus according to the seventh or the eighth tion recording medium and reproducing information by a 
aspect, characterized in that the reproducing probe so reproducing probe for scattering the near-field light, 
comprises an optical fiber provided with the very small characterized in that fluxes of reflected and scattered 
aperture at a front end thereof. light produced by scattering the near-field light pro- 
[0034] According to the ninth aspect of the inven- duced at a unit of the information formed on the informa- 
tion, as the reproducing probe, there can be utilized a tion recording medium by a front end portion of the 
probe of an optical fiber type used in a conventional ss reproducing probe, are detected at at least two posi- 
near-fieid microscope and accordingly, accumulated tions symmetrical with each other relative to the front 
technology of the near-field microscope can effectively end portion of the reproducing probe and a position of 
be applied to the information reproducing apparatus. the reproducing probe is controlled in accordance with a 
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detected signal. 

[0042] According to the thirteenth aspect of the 
invention, the near-field light produced at the unit of 
information of the information recording medium is scat- 
tered by the reproducing probe, fluxes of the reflected 
and scattered light are detected at at least two positions 
symmetrical with each other relative to the front end 
portion of the reproducing probe, the position of the 
reproducing probe is controlled in accordance with the 
detected signal and accordingly, tracking control with 
high accuracy utilizing the near-field light can be carried 
out 

[0043] Further, according to a fourteenth aspect of 
the invention, there is provided an information reproduc- 
ing apparatus for forming near-field light at an informa- 
tion recording medium and reproducing information by a 
reproducing probe for scattering the near-field light 
characterized in comprising a first and a second light 
detecting means arranged symmetrically with each 
other relative to a front end portion of the reproducing 
probe along a reading direction for detecting fluxes of 
reflected and scattered light produced by scattering the 
near-field light by a front end portion of the reproducing 
probe and outputting detected signals, difference calcu- 
lating means for calculating a difference between a first 
detected signal outputted from the first light detecting 
means and a second detected signal outputted from the 
second light detecting means and outputting a differen- 
tial signal, reproducing probe position controlling means 
for controlling a position of the reproducing probe in 
accordance with the differential signal and reproduced 
signal forming means for forming a reproduced signal 
by calculating to add the first detected signal and the 
second detected signal. 

[0044] According to the fourteenth aspect of the 
invention, the near-field tight produced at the unit of the 
information of the information recording medium is scat- 
tered by the reproducing probe, fluxes of the reflected 
and scattered light are detected by the first and the sec- 
ond light detecting means arranged at at least two posi- 
tions symmetrical with each other relative to the central 
axis of the very small aperture, the differential signal 
indicating the difference between the first detected sig- 
nal detected and outputted by the first light detecting 
means and the second detected signal detected and 
outputted by the second light detecting means, is 
formed by the difference calculating means, position 
control of the reproducing probe in accordance with the 
differential signal can be carried out by the reproducing 
probe position controlling means and accordingly, track- 
ing control with high accuracy utilizing the near-field 
light can be carried out Further, the reproduced signal 
can be formed by carrying out operation of adding the 
first detected signal and the second detected signal by 
the reproduced signal forming means and accordingly, 
the information can simultaneously be reproduced. 
[0045] Further, according to a fifteenth aspect of the 
invention, there is provided the information reproducing 



apparatus according to the thirteenth or the fourteenth 
aspect characterized in that the reproducing probe is 
formed in a wedge-like shape. 
[0046] According to the fifteenth aspect of the 

5 invention, the reproducing probe is formed in the 
wedge-like shape and accordingly, by reflecting the 
near-field light produced at the unit of the information of 
the information recording medium by the two inclined 
feces constituting the wedge-like shape, the directional- 

10 rties can be given to fluxes of the reflected light and 
accordingly, the difference between the intensities of the 
fluxes of reflected tight can be provided further signifi- 
cantly and tracking control with high accuracy utilizing 
the near-field light and having high reliability can be car- 

15 ried out. Further, sufficiently targe intensity can be pro- 
vided to the reproduced signal by the fluxes of reflected 
tight 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 

10047] 

Fig. 1 is a block diagram showing an outline consti- 
— tution of an information reproducing apparatus 
25 according to Embodiment 1 . 

Fig. 2 is a view for explaining operation of the infor- 
mation reproducing apparatus according to Embod- 
iment 1 . 

Fig. 3 is a view for explaining operation of the infor- 
30 mation reproducing apparatus according to Embod- 
iment 1 . 

Fig. 4 is a block diagram showing an outline consti- 
tution of an information reproducing apparatus 
according to Embodiment 2. 
35 Fig. 5 is a view for explaining operation of the infor- 
mation reproducing apparatus according to Embod- 
iment 2. 

Fig. 6 is a view for explaining operation of the infor- 
mation reproducing apparatus according to Embod- 

40 imerrt 2. 

Fig. 7 is a view showing an example of a reproduc- 
ing probe of the information reproducing apparatus 
according to Embodiments 1 and 2. 
Fig. 8 is a view showing other example of a repro- 

45 ducing probe of the information reproducing appa- 
ratus according to Embodiments 1 and 2. 
Fig. 9 is a block diagram showing an outline consti- 
tution of an information reproducing apparatus 
according to Embodiment 3. 

so Fig. 10 is a view showing a reproducing probe of 
the information reproducing apparatus according to 
Embodiment3. 

Fig. 1 1 is a view for explaining operation of the infor- 
mation reproducing apparatus according to Embod- 
55 iment3. 

Fig. 1 2 is a view for explaining operation of the infor- 
mation reproducing apparatus according to Embod- 
iment 3. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

[0048] A detailed explanation will be given of 
embodiments of an information recording medium and 
an information reproducing apparatus according to the 
invention as follows. 

(Embodiment 1) 

[0049] Fig. 1 is a block diagram showing an outline 
constitution of an information reproducing apparatus 
according to Embodiment 1. In Fig. 1, the information 
reproducing apparatus according to Embodiment 1 is 
constituted by a reproducing probe 1 for forming near- 
field light an information recording medium 3 formed 
with data bits at high density, converging optical sys- 
tems 4 and 5 for converging fluxes of reflected and scat- 
tered light scattered by the data bits of the information 
-recordtag^ecKura^eproducedJigh^ 



for receiving fluxes of light converged by the converging 
optical systems 4 and 5 and outputting electric signals, 
a difference circuit 20 for calculating a difference 
between^the jespectiveuelectric signals outputted from 
the reproduced light detectors 6 and 7, a tracking signal 
generator 21 for generating and outputting a tracking 
signal from the differential signal outputted from the dif- 
ference circuit 20, an actuator 22 for controlling a posi- 
tion of the reproducing probe in accordance with the 
tracking signal outputted from the tracking signal gener- 
ator 21 and an adding circuit 23 for forming a repro- 
duced signal by adding the respective electric signals 
outputted from the reproduced fight detectors 6 and 7. 
[0050] The reproducing probe 1 is formed with a 
very small aperture 2 having a size equal to or smaller 
than a wavelength of laser beam 10 introduced from a 
laser beam source (not illustrated), for example, a diam- 
eter of several tens nanometers and near-field light 1 1 is 
formed at the very small aperture 2 by introducing the 
laser beam 10. As the reproducing probe 1, a probe 
used in a conventional near-field microscope can be uti- 
lized and is a probe enabling to form near-field fight 
according to the above-described illumination mode, for 
example, an optical fiber probe comprising an optical 
fiber having a very small aperture at its front end and a 
surface coated by a metal, a cantilever-type optical 
probe having a very small aperture to which laser beam 
is guided via an optical waveguide at its front end, a 
plane probe comprising a plane substrate formed with a 
through hole in a shape of an inverse cone such that an 
apex thereof constitutes a very small aperture or the 
lite. 

[0051] The near-field light 11 formed at the very 
small aperture 2 of the reproducing probe 1 is scattered 
by a data bit 12 of a convex formed on the information 
recording medium 3 and scattered light constitutes 
propagating light (hereinafter, referred to as reflected 
and scattered light) and is introduced into the converg- 
ing optical systems 4 and 5. In this case, the converging 
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optical systems 4 and 5 each is constructed by a consti- 
tution of a converging lens or a collimating lens or the 
lens added with a light guide or an optical fiber and con- 
verge the reflected and scattered light to the reproduced 
light detectors 6 and 7 such that sufficiently detectably 
intensities are constituted. The reproduced light detec- 
tors 6 and 7 are, for example, photodiodes or photomul- 
tipliers. 

[0052] The converging optical systems 4 and 5 and 
the reproduced light detectors 6 and 7 are arranged at 
fixed positions relative to the reproducing probe 1 and 
are positioned relative to the information recording 
medium 3 along with the reproducing probe 1 particu- 
larly by positioning control by the actuator 22. There- 
fore, it is preferable to constitute a light reproducing 
head integrated with the reproducing probe 1, the con- 
verging optical systems 4 and 5 and the reproduced 
light detectors 6 and 7 and the light reproducing head is 
subjected to positioning control by the actuator 22. 
[0053] The information recording medium 3 is con- 
structed by a structure in which a top portion of the data 
bit 1 2 for constituting an information unit formed by com- 
bining two inclined faces symmetrically and in a convex 
relative to a surface of the information recording 
medium 3, constitutes a central axis and the central axis 
coincides with a reading direction by the reproducing 
probe 1 (hereinafter, referred to as a tracking direction). 
That is, a section of the data bit 12 orthogonal to the 
reading direction is formed in a shape of a ridge in a tri- 
angular shape as shown by Rg. 1 and the apex of the 
triangular shape is disposed on the central axis of read- 
ing (central axis of tracking). By presence of the two 
symmetrical inclined faces, directionalities can be given 
to fluxes of the reflected and scattered light of the near- 
field light 11. Further, it is preferable for providing 
reflected and scattered light having a sufficient intensity 
to form a metal reflecting film on the surface of the infor- 
mation recording medium 3. Further, the reflection effi- 
ciency of the near-field light 1 1 can also be promoted by 
forming the information recording medium 3 per se by a 
metal. 

[0054] Accordingly, by arranging a constitution 
comprising the converging optical system 4 and the 
reproduced light detector 6 and a constitution compris- 
ing the converging optical system 5 and the reproduced 
light detector 7 at positions symmetrical to each other 
relative to a central axis in parallel with a tracking direc- 
tion of the very small aperture 2 of the reproducing 
probe 1 (hereinafter, referred to as reproducing probe 
central axis), fluxes of the reflected and scattered light 
reflected in directions symmetrical with each other by 
the two inclined faces provided at the data bit 12 can be 
detected. 

[0055] Fig. 2 is a view for explaining detection of 
reflected and scattered light when the reproducing 
probe 1 is arranged in a state in which the central axis 
of the reproducing probe and the tracking central axis 
are not coincident with each other. In Fig. 2, the repro- 
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ducing probe 1 is disposed on the right side of the track- 
ing central axis, that is. the top of the data bit 12 and 
fluxes of reflected and scattered light 13 and 14 are pro- 
duced by interaction between the near-field fight 11 
formed at the very small aperture 2 under the state and s 
the data bit 12. 

[0056] In Fig. 2, the near-field light 1 1 is significantly 
scattered by the right inclined face of the data bit 1 2 and 
the reflected and scattered light 13 is guided in the right 
direction depending on an angle of inclination of the 10 
right inclined face. The reflected and scattered light 13 
guided in the right direction is introduced into the con- 
verging optical system 5 and is inputted to the repro- 
duced light detector 7. 

[0057] Meanwhile, the near-field light 1 1 shows the is 
largest intensity on the central axis of the reproducing 
probe and directly under the very small aperture 2 and 
accordingly, on the left inclined face of the data bit 12 
disposed remote from the central axis of the reproduc- 
ing probe, the intensity of the reflected and scattered 20 
light 14 provided by being scattered becomes weaker 
than that of the reflected and scattered light 13 on the 
side of the right inclined face. The reflected and scat- 
tered light -1 4 guided iniheleft-directiorHs-also intro- 
duced into the converging fight optical system 4 and is 2s 
inputted to the reproduced light detector 6. 
[0058] Accordingly, in this case, the electric signal 
outputted at the reproduced light detector 7 is a signal 
larger than the electric signal outputted at the repro- 
duced fight detector 6. These electric signals are input- so 
ted to the difference circuit 20 and the differential signal 
is formed there as mentioned above. The magnitude of 
the differential signal indicates a degree of shift of the 
reproducing probe 1 from the tracking central axis and 
the differential signal is converted into the tracking sig- 35 
nal by being inputted to the tracking signal generator 21 . 
The tracking signal is a signal for driving the actuator 22 
and the actuator 22 controls the position of the repro- 
ducing probe 1 in accordance with the tracking signal. 
For example, when the difference circuit 20 carries out 40 
an operation of subtracting the electric signal outputted 
from the reproduced light detector 7 from the electric 
signal outputted from the reproduced light detector 6, in 
a state shown by Fig. 2, the differential signal oulputted 
from the difference circuit 20 shows a negative value. 45 
Successively, the tracking signal generator 21 interprets 
the negative differential signal as a signal for moving the 
actuator 22 to the left and outputs a tracking signal indi- 
cating the moving direction and a moving amount in 
accordance with the magnitude of the differential signal so 
to the actuator 22. That is, the tracking signal generator 
21 generates an actuator driving signal for correcting 
the shift between the reproducing probe 1 and the track- 
ing central axis. The actuator 22 moves the reproducing 
probe 1 in accordance with the tracking signal outputted 55 
from the tracking signal generator 21 and makes the 
central axis of the reproducing probe and the tracking 
central axis coincide with each other. That is, tracking 



control in the left direction is carried out. 
[0059] Further, although in Rg. 2, there is shown 
the case in which the reproducing probe 1 is disposed 
on the right side of the tracking central axis, when the 
reproducing probe 1 is disposed on the left side of the 
tracking central axis, an operation reverse to the above- 
described is carried out That is, in that case, tracking 
control in the right direction is carried out 
[0060] Further, in parallel with the above-described 
tracking processing, the electric signal outputted at the 
reproduced light detector 7 and the electric signal out- 
putted at the reproduced light detector 6 are inputted to 
the adding circuit 23 where the adding operation is car- 
ried out and are outputted as the reproduced signal. 
Thereby, presence or absence of the data bit 1 2 directly 
under the very small aperture 2 is detected. 
[0061] Rg. 3 is a view for explaining detection of 
reflected and scattered light when the reproducing 
probe 1 is arranged such that the central axis of the 
reproducing probe and the tracking central axis coincide 
with each other. In Fig. 3, the near-field light 1 1 formed 
at the very small aperture 2 produces fluxes of the 
reflected and scattered fight 13 and 14 by uniform inter- 
action of ihe right inclined face andthe left inclined face 
of the data bit 12. That is, both of the fluxes of the 
reflected and scatted fight 13 and 14 show substantially 
the same intensity and the electric signals respectively 
outputted at the reproduced light detector 7 and the 
reproduced light detector 6 also show substantially the 
same magnitude. Accordingly, no difference is pro- 
duced at the difference circuit 20 and positioning control 
in the actuator 22 is not carried out That is, Fig. 3 rep- 
resents a final state after the above-described tracking 
control has been carried out 

[0062] Further, although according to Embodiment 
1 , explained above, there is constructed the structure in 
which the inclined faces are provided on the left and on 
the right of the tracking central axis by constituting the 
section of the data bit recorded to the information 
recording medium by the ridge in the triangular shape, 
for example, there may be constructed a structure in 
which the section of the data bit is constituted by a ridge 
in a semicircular shape and curved faces are provided 
on the left and on the right of the tracking central axis. 
[0063] Further, data may be read by constituting the 
information recording medium in a disk-like shape as in 
CD and rotating the information recording medium at 
high speed or data may be read by forming the informa- 
tion recording medium as a flat plate without being lim- 
ited to the disk-like shape and carrying out vector 
scanning by the reproducing probe. 
[0064] As has been explained above, according to 
the information recording medium of Embodiment 1, the 
data bit constituting the information unit is constructed 
by a structure in the convex in which the inclined faces 
or the curved faces are provided symmetrically in the 
left and right direction relative to the central axis of the 
reading direction (tracking direction) and accordingly, 
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the directionalities can be given to fluxes of the reflected 
and scattered light produced by scattering near-field 
light by the data bit Further, according to the informa- 
tion reproducing apparatus of Embodiment 1, fluxes of 
the reflected and scattered light provided from the data 5 
bit of the above-described information recording 
medium can be detected in two symmetrical directions 
relative to the central axis of the reproducing probe and 
the tracking control of the reproducing probe can be car- 
ried out from the difference between the two detected 10 
signals. Further, the near-field light formed at the very 
small aperture of the reproducing probe is utilized as a 
signal for tracking control and accordingly, there is 
achieved tracking control at high accuracy accompa- 
nied by high positional resolution. Further, the constitu- 75 
tion of the apparatus can be simplified since the optical 
systems used in detecting fluxes of the reproduced sig- 
nal and detecting the tracking signal are not separated 
but are unified. 

20 

(Embodiment 2) 

_[Q065] Fig,_4 is_a.block diagramshowing an outline 

constitution of an information reproducing apparatus 
according to Embodiment 2. In Fig. 4 t the information 25 
reproducing apparatus according to Embodiment 2 is 
constituted by the reproducing probe 1 for forming near- 
field light an information recording medium 8 formed 
with data bits at high density, the converging optical sys- 
tems 4 and 5 for converging fluxes of reflected and scat- so 
tered light scattered by the data bits of the information 
recording medium 8, the reproduced fight detectors 6 
and 7 for receiving fluxes of fight converged by the con- 
verging optical systems 4 and 5 and outputting electric 
signals, the difference circuit 20 for calculating a differ- 35 
ence between the respective electric signals outputted 
from the reproduced light detectors 6 and 7, the tracking 
signal generator 21 for generating and outputting a 
tracking signal from the differential signal outputted from 
the difference circuit 20, the actuator 22 for controlling a 40 
position of the reproducing probe in accordance with the 
tracking signal outputted from the tracking signal gener- 
ator 21 and the adding circuit 23 for forming a repro- 
duced signal by adding the respective electric signals 
outputted from the reproduced light detectors 6 and 7. 45 
[0066] The reproducing probe 1 is formed with the 
very small aperture 2 having the size equal to or smaller 
than the wavelength of the laser beam 10 introduced 
from a laser beam source (not illustrated), for example, 
the diameter of several tens nanometers and the near- so 
field light 11 is formed at the very small aperture 2 by 
introducing the laser beam 10. As has been explained in 
Embodiment 1, the reproducing probe 1 is a probe ena- 
bling to form near-f ield light by the above-described illu- 
mination mode such as an optical ffoer probe, a ss 
cantilever-type optical probe, a plane probe or the like. 
[0067] The near-field light 11 formed at the very 
small aperture 2 of the reproducing probe 1 is scattered 
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by a data bit 1 5 of a concave formed on the information 
recording medium 8 and the scattered light constitutes 
propagating light (hereinafter, referred to as reflected 
and scattered light) and fluxes thereof are introduced 
into the converging optical systems 4 and 5. In this 
case, as has been explained in Embodiment 1, the con- 
verging optical systems 4 and 5 each is constructed by 
a constitution of, for example, a converging lens or a col- 
limating lens or the lite or the lens added with a light 
guide or an optical fiber and the reproduced light detec- 
tors 6 and 7 are, for example, photodiodes, photomufti- 
pliers or the like. 

[0068] The converging optical systems 4 and 5 and 
the reproduced light detectors 6 and 7 are arranged at 
fixed positions relative to the reproducing probe 1 and 
are positioned relative to the information recording 
medium 8 along with the reproducing probe 1 particu- 
larly by positioning control by the actuator 22. There- 
fore, it is preferable to constitute a light reproducing 
head integrated with the reproducing probe 1, the con- 
verging optical systems 4 and 5 and the reproduced 
light detectors 6 and 7 and the light reproducing head is 
subjected, to positioning control by the actuator 22. 
[0069] The information recording medium 8 is con- 
structed by a structure in which a top portion of the data 
bit 1 5 for constituting an information unit formed by com- 
bining two inclined faces symmetrically and in a con- 
cave relative to a surface of the information recording 
medium 8, constitutes a central axis and the central axis 
coincides with a reading direction by the reproducing 
probe 1 (hereinafter, referred to as a tracking direction). 
That is, a section of the data bit 15 orthogonal to the 
reading direction is formed in a shape of a groove in a 
triangular shape as shown by Fig. 4 and the apex of the 
triangular shape, that is, a bottom point of the groove is 
disposed on the central axis of reading (central axis of 
tracking). By presence of the two symmetrical inclined 
faces, directionalities can be given to fluxes of the 
reflected and scattered light of the near-field fight 11. 
Further, it is preferable for providing reflected and scat- 
tered light having a sufficient intensity to form a metal 
reflecting ffim on the surface of the information record- 
ing medium 8. Further, the reflection efficiency of the 
near-field light 1 1 can also be promoted by forming the 
information recording medium 8 per se by a metal. 
[0070] Accordingly, by arranging a constitution 
comprising the converging optical system 4 and the 
reproduced light detector 6anda constitution compris- 
ing the converging optical system 5 and the reproduced 
light detector 7 at positions symmetrical to each other 
relative to a central axis in parallel with a tracking direc- 
tion of the very small aperture 2 of the reproducing 
probe 1 (hereinafter, referred to as reproducing probe 
central axis), fluxes of the reflected and scattered light 
reflected in directions symmetrical with each other by 
the two inclined faces provided at the data bit 1 5 can be 
detected. 

[0071] Fig. 5 is a view for explaining detection of 
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reflected and scattered light when the reproducing 
probe 1 is arranged in a state in which the central axis 
of the reproducing probe and the tracking central axis 
are not coincident with each other. In Fig. 5, the repro- 
ducing probe 1 is disposed on the left side of the track- 
ing central axis, that is, the bottom apex of the data bit 
1 5 and fluxes of reflected and scattered light 16 and 1 7 
are produced by interaction between the near-field light 
1 1 formed at the very small aperture 2 under the state 
and the data bit 15. 

[0072] In Fig. 5, the near-field light 1 1 is significantly 
scattered by the left inclined face of the data bit 15 and 
the reflected and scattered light 17 is guided in the left 
direction depending on an angle of inclination of the left 
inclined face. The reflected and scattered light 17 
guided in the right direction is introduced into the con- 
verging optical system 5 and is inputted to the repro- 
duced light detector 7. 

[0073] Meanwhile, the near-field light 1 1 shows the 
largest intensity on the central axis of the reproducing 
probe and directly under the very small aperture 2 and 
accordingly, on the right inclined face of the data bit 1 5 
disposed remote from the central axis of the reproduc- 
ing probe, the intensity of the reflected and scattered 
light 16 provided by being scattered becomes weaker 
than that of the reflected and scattered light 17 on the 
side of the left inclined face. The reflected and scattered 
light 1 6 guided in the left direction is also introduced into 
the converging light optical system 4 and is inputted to 
the reproduced light detector 6. 
[0074] Accordingly, in this case, the electric signal 
outputted at the reproduced light detector 7 is a signal 
larger than the electric signal outputted at the repro- 
duced Rght detector 6. These electric signals are input- 
ted to the difference circuit 20 and the differential signal 
is formed there as mentioned above. The magnitude of 
the differential signal indicates a degree of shift of the 
reproducing probe 1 from the tracking central axis and 
the differential signal is converted into the tracking sig- 
nal by being inputted to the tracking signal generator 21 . 
The tracking signal is a signal for driving the actuator 22 
and the actuator 22 controls the position of the repro- 
ducing probe 1 in accordance with the tracking signal. 
For example, when the difference circuit 20 carries out 
an operation of subtracting the electric signal outputted 
from the reproduced light detector 7 from the electric 
signal outputted from the reproduced light detector 6, in 
a state shown by Fig. 5, the differential signal outputted 
from the difference circuit 20 shows a negative value. 
Successively, the tracking signal generator 21 interprets 
the negative differential signal as a signal for moving the 
actuator 22 to the right and outputs a tracking signal 
indicating the moving direction and a moving amount in 
accordance with the magnitude of the differential signal 
to the actuator 22. That is, the tracking signal generator 
21 generates an actuator driving signal for correcting 
the shift between the reproducing probe 1 and the track- 
ing central axis. The actuator 22 moves the reproducing 



probe 1 in accordance with the tracking signal outputted 
from the tracking signal generator 21 and makes the 
central axis of the reproducing probe and the tracking 
central axis coincide with each other. That is, tracking 

5 control in the right direction is carried out 

[0075] Further, although in Fig. 5, there is shown 
the case in which the reproducing probe 1 is disposed 
on the left side of the tracking central axis, when the 
reproducing probe 1 is disposed on the right side of the 

io tracking central axis, an operation reverse to the above- 
described is carried out. That is, in that case, tracking 
control in the left direction is carried out. 
[0076] Further, in parallel with the above-described 
tracking processing, the electric signal outputted at the 

is reproduced light detector 7 and the electric signal out- 
putted at the reproduced light detector 6 are inputted to 
the adding circuit 23 where the adding operation is car- 
ried out and are outputted as the reproduced signal. 
Thereby, presence or absence of the data bit 1 5 directly 

20 under the very small aperture 2 is detected. 

[0077] Fig. 6 is a view for explaining detection of 
reflected and scattered light when the reproducing 
probe 1 is arranged such that the central axis of the 
reproducing probe and the tracking central axis coincide 

25 with each other. In Fig. 6, the near-field light 1 1 formed 
at the very small aperture 2 produces fluxes of the 
reflected and scattered light 16 and 17 by uniform inter- 
action of the right inclined face and the left inclined face 
of the data bit 15. That is, both of the fluxes of the 

so reflected and scatted light 1 3 and 1 4 show substantially 
the same intensity and the electric signals respectively 
outputted at the reproduced light detector 7 and the 
reproduced light detector 6 also show substantially the 
same magnitude. Accordingly, no difference is pro- 
as duced at the difference circuit 20 and positioning control 
in the actuator 22 is not carried out That is, Fig. 6 rep- 
resents a final state after the above-described tracking 
control has been carried out ' 
[0078] Further, although according to Embodiment 

40 2, explained above, there is constructed the structure in 
which the inclined faces are provided on the left and on 
the right of the tracking central axis by constituting the 
section of the data bit recorded to the information 
recording medium by the groove in the triangular shape, 

45 for example, there may be constructed a structure in 
which the section of the data bit is constituted by a 
groove in a semicircular shape and curved faces are 
provided on the left and on the right of the tracking cen- 
tral axis. 

so [0079] Further, data may be read by constituting the 
information recording medium in a disk-like shape as in 
CD and rotating the information recording medium at 
high speed or data may be read by forming the informa- 
tion recording medium as a flat plate without being lim- 

ss rted to the disk-like shape and carrying out vector 
scanning on the reproducing probe. 
[0080] As has been explained above, according to 
the information recording medium of Embodiment 2, the 
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data bit constituting the information unit is constructed 
by a structure in the concave in which the inclined faces 
or the curved faces are provided symmetrically in the 
left and right direction relative to the central axis of the 
reading direction (tracking direction) and accordingly, 
the directionaltties can be given to fluxes of the reflected 
and scattered light produced by scattering near-field 
light by the data bit Further, according to the informa- 
tion reproducing apparatus of Embodiment 2, fluxes of 
the reflected and scattered light provided from the data 
bit of the above-described information recording 
medium can be detected in two symmetrical directions 
relative to the central axis of the reproducing probe and 
the tracking control of the reproducing probe can be car- 
ried out from the difference between the two detected 
signals. Further, the near-field light formed at the very 
small aperture of the reproducing probe is utilized as a 
signal for tracking control and accordingly, there is 
achieved tracking control at high accuracy accompa- 
nied by high positional resolution. Further, the constitu- 
tion of the apparatus can be simplified since the optical 
systems used in detecting fluxes of the reproduced sig- 
nal and dete cting the tracking signal are not se parated 
but are unified. 

[0081] Further, a simple apparatus constitution 
which does not necessitate the converging optical sys- 
tems 4 and 5 and the reproduced light detectors 6 and 
7 can further be realized in the information reproducing 
apparatus according to Embodiments 1 and 2, 
explained above by particularly adopting a plane probe 
40 of an integral type installed with reproduced light 
detectors 41 and 42 symmetrically on both skies of the 
very small aperture 2 as shown by Fig. 7, as the repro- 
ducing probe 1 . The plane probe 40 can be fabricated 
by a silicon process used in conventional semiconduc- 
tor fabrication technology and the reproduced light 
detectors 41 and 42 are, for example, photodiodes inte- 
grated on a silicon wafer. Further, there can also be con- 
structed a constitution in which the reproduced light 
detectors 41 and 42 are integrated with optical 
waveguides. According to the plane probe 40, the 
reflected and scattered light which is scattered by the 
data bit 12 of the convex of the information recording 
medium 3 or by the data bit 15 of the concave of the 
information recording medium 8, mentioned above, with 
no particular need of fine adjustment of the positions of 
the reproduced light detectors. 
[0082] Further, by adopting a plane probe 50 
installed with reproduced light detectors 43 and 44 for 
reproduced signals at vicinities of the very small aper- 
ture 2 of the plane probe 40 as shown by Fig. 8, as a 
reproducing probe, intensities of detecting reproduced 
signals can be complemented by detecting reflected 
and scattered light for tracking by the reproduced light 
detectors 41 and 42 and detecting fluxes of reflected 
and scattered light for the reproduced signals by the 
reproduced light detectors 41 and 42 and the repro- 
duced light detectors 43 and 44. 



(Embodiment 3) 

[0083] Fig. 9 is a block diagram showing an outline 
constitution of an information reproducing apparatus 

5 according to Embodiment 3. In Fig. 9, the information 
reproducing apparatus according to Embodiment 3 is 
constituted by an information recording medium 30 
formed with data bits at high density, a reproducing 
probe 25 for scattering near-field light formed at the 

10 data bits of the information recording medium 30, the 
converging optical systems 4 and 5 for converging 
fluxes of reflected and scattered light which are scat- 
tered by the reproducing probe 25, the reproduced light 
detectors 6 and 7 for receiving fluxes of light converged 

1$ by the converging optical systems 4 and 5, the differ- 
ence circuit 20 for calculating a difference between 
respective electric signals outputted from the repro- 
duced light detectors 6 and 7 and outputting a differen- 
tial signal, the tracking signal generator 21 for 

20 generating and outputting a tracking signal from the dif- 
ferential signal outputted from the difference circuit 20, 
the actuator 22 for controlling the position of the repro- 
___ducing.probe_25L in accordanceLWith the tracking signal 
outputted from the tracking signal generator 21 and the 

25 adding circuit 23 for forming a reproduced signal by 
adding the respective electric signals outputted from the 
reproduced fight detectors 6 and 7. 
[0084] The information recording medium 30 com- 
prises a fight-transmitting material and is formed with a 

30 portion locally producing strong near-field light on its 
surface by laser beam 33 irradiated from a rear face 
thereof by a laser beam source (not illustrated) as a 
data bit 32 constituting an information unit That is, the 
data bit 32 functions as a very small aperture for forming 

35 near-field light and near-field light according to the 
above-described collection mode can be utilized. Fur- 
ther, the date bit 32 is formed by, for example, piling up 
a metal thin film on a light-transmitting substrate and 
removing a portion of the metal thin film in correspond- 

40 ence with the data bit 32 or changing a refractive index 
of a portion of the light-transmitting substrate in corre- 
spondence with the data bit 32 from that of the sur- 
rounding. Further, presence or absence of the data bit 
32 can also be detected by constituting the data bit 32 

45 by a fluorescent material and arranging optical filters for 
cutting off the laser beam 33 and transmitting fluores- 
cent light respectively between the converging optical 
system 4 and the reproduced light detector 6 and 
between the converging optical system 5 and the repro- 

50 duced light detector 7. 

[0085] The reproducing probe 25 is formed in a 
wedge-like shape as shown by Fig. 10 and can scatter 
near-field light at a front end portion thereof. Particu- 
larly, the data bit 32 can optimally be read by constitut- 

55 ing a central axis by a top portion of the reproducing 
probe 25 which is formed by combining two symmetrical 
inclined faces constituting the wedge-tike shape and 
making the central axis coincide with the reading direc- 
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tion by the reproducing probe 25 (hereinafter, referred 
to as tracking direction). That is, a section of the data bit 
32 orthogonal to the direction of reading the data bit 32 
is formed by a triangular shape as shown by Fig. 1 0 and 
the apex of the triangular shape is controlled to dispose 
on a reading central axis (tracking central axis). By the 
presence of the two symmetrical inclined faces, direc- 
tionalities can be given to fluxes of the reflected and 
scattered light of the near-field light 31 . 
[0086] The near-field light 31 formed by the data bit 
32 of the information recording medium 30 is scattered 
at the front end portion of the reproducing probe 25 and 
the scattered light constitutes propagating fight (herein- 
after, referred to as reflected and scattered light) and is 
introduced into the converging optical systems 4 and 5. 
In this case, the converging optical systems 4 and 5 
each is constructed by a constitution of a converging 
lens or a collimating lens or the lens added with a light 
guide or an optical fiber and converge fluxes of the 
reflected and scattered light by the reproduced light 
detectors 6 and 7 such that sufficiently detectably inten- 
sities are constituted. The reproduced light detectors 6 
and 7 are, for example, photodiodes or photomultipliers. 
[0087]- The converging optical systems 4 and 5 and 
the reproduced light detectors 6 and 7 are arranged at 
fixed positions relative to the reproducing probe 25 and 
are positioned relative to the information recording 
medium 3 along with the reproducing probe 25 particu- 
larly by positioning control by the actuator 22. There- 
fore, it is preferable to constitute a light reproducing 
head integrated with the reproducing probe 25, the con- 
verging optical systems 4 and 5 and the reproduced 
light detectors 6 and 7 and the light reproducing head is 
subjected to positioning control by the actuator 22. 
[0088] Accordingly, by arranging a constitution 
comprising the converging optical system 4 and the 
reproduced light detector 6 and a constitution compris- 
ing the converging optical system 5 and the reproduced 
light detector 7 at positions symmetrical to each other 
relative to a central axis in parallel with a tracking direc- 
tion of the front end of the reproducing probe 25 (here- 
inafter, referred to as reproducing probe central axis), 
fluxes of the reflected and scattered light reflected in 
directions symmetrical with each other by the two 
inclined faces provided at the reproducing probe 25 can 
be detected. 

[0089] Fig. 1 1 is a view for explaining detection of 
reflected and scattered light in the case in which the 
reproducing probe 25 is arranged in a state in which the 
central axis of the reproducing probe and the tracking 
central axis are not coincident with each other. In Fig. 
11 , the reproducing probe 25 is disposed on the left side 
of the tracking central axis, that is, the central axis of the 
data bit 32 and fluxes of reflected and scattered light 35 
and 36 are produced by interaction between the near- 
field light 31 formed at the data bit 32 under the state 
and the reproducing probe 25. 
[0090] In Fig. 11, the near-field light 31 is signifi- 



cantly scattered by the right inclined face of the repro- 
ducing probe 25 and the reflected and scattered light 35 
is guided in the right direction depending on an angle of 
inclination of the right inclined face. The reflected and 

5 scattered light 35 guided in the right direction is intro- 
duced into the converging optical system 5 and is input- 
ted to the reproduced light detector 7. 
[0091] Meanwhile, near-field light 31 shows the 
largest intensity on the central axis of the data bit 32 and 

10 accordingly, the intensity of the reflected and scattered 
light 36 provided by being scattered at the left inclined 
face of the reproducing probe 25 disposed remote from 
the central axis of the data bit 32, becomes weaker than 
that of the reflected and scattered light 35 on the side of 

is the right inclined face The reflected and scattered light 
36 guided in the left direction is also introduced into the 
converging optical system 4 and is inputted to the repro- 
duced light detector 6. 

[0092] Accordingly, in this case, the electric signal 

20 outputted at the reproduced light detector 7 is a signal 
larger than the electric signal outputted at the repro- 
duced light detector 6. These electric signals are input- 
ted to the difference circuit 20 and the differential signal 

isiormed th ere as mentioned above.The inagnitude of 

25 the differential signal indicates a degree of shift of tie 
reproducing probe 25 from the tracking central axis and 
the differential signal is converted into the tracking sig- 
nal by being inputted to the tracking signal generator 21 . 
The tracking signal is a signal for driving the actuator 22 

so and the actuator 22 controls the position of the repro- 
ducing probe 1 in accordance with the tracking signal. 
For example, when the difference circuit 20 carries out 
an operation of subtracting the electric signal outputted 
from the reproduced light detector 7 from the electric 

35 signal outputted from the reproduced light detector 6, in 
a state shown by Fig. 1 1, the differential signal output- 
ted from the difference circuit 20 shows a negative 
value. Successively, the tracking signal generator 21 
interprets the negative differential signal as a signal for 

40 moving the actuator 22 to the right and outputs a track- 
ing signal indicating the moving direction and a moving 
amount in accordance with the magnitude of the differ- 
ential signal to the actuator 22. That is, the tracking sig- 
nal generator 21 generates an actuator driving signal for 

45 correcting the shift between the reproducing probe 25 
and the tracking central axis. The actuator 22 moves the 
reproducing probe 25 in accordance with the tracking 
signal outputted from the tracking signal generator 21 
and makes the central axis of the reproducing probe 

so and the tracking central axis coincide with each other. 
That is, tracking control in the right direction is carried 
out. 

[0093] Further, although in Fig. 11, there is shown 
the case in which the reproducing probe 25 is disposed 
55 on the left side of the tracking central axis, when the 
reproducing probe 25 is disposed on the right side of 
the tracking central axis, an operation reverse to the 
above-described is carried out That is, in that case, 
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tracking contra! in the left direction is carried out. 
[0094] Further, in parallel with the above-described 
tracing processing, the electric signal outputted at the 
reproduced light detector 7 and the electric signal out- 
putted at the reproduced light detector 6 are inputted to 
the adding circuit 23 where the adding operation is car- 
ried out and are outputted as the reproduced signal., 
Thereby, presence or absence of the data bit 32 directly 
under the very small aperture 2 is detected. 
[0095] Fig. 12 is a view for explaining detection of 
reflected and scattered light when the reproducing 
probe 25 is arranged such that the central axis of the 
reproducing probe and the tracking central axis coincide 
with each other. In Fig. 1 2, the near-field light 31 formed 
at the data bit 32 produces fluxes of the reflected and 
scattered light 35 and 36 by uniform interaction of the 
right inclined face and the left inclined face of the data 
bit 32. That is, both of the fluxes of the reflected and 
scatted light 35 and 36 show substantially the same 
intensity and the electric signals respectively outputted 
at the reproduced light detector 7 and the reproduced 
light detector 6 also show substantially the same magni- 
tude. AcxxMdingly, iMjd^ 

ference circuit 20 and positioning control in the actuator 
22 is not carried out That is, Fig. 12 represents a final 
state after the above-described tracking control has 
been carried out. 

[0096] Further, according to Embodiment 3, 
explained above, data may be read by constituting the 
information recording medium in a disk-like shape as in 
CD and rotating the information recording mecfium at 
high speed or data may be read by forming the informa- 
tion recording medium as a flat plate without being lim- 
ited to the disk-like shape and carrying out vector 
scanning on the reproducing probe. 
[0097] As has been explained above, according to 
the information reproducing apparatus of Embodiment 
3, the near-field light formed at the data bit of the infor- 
mation recording medium is scattered by the reproduc- 
ing probe in the wedge-like shape and fluxes of the 
reflected and scattered fight provided thereby can be 
detected in two directions which are symmetrical rela- 
tive to the central axis of the reproducing probe and 
tracking control of the reproducing probe can be carried 
out by the difference between the two detected signals. 
Further, the near-field light formed at the data bit of the 
information recording medium is utilized as a signal for 
tracking control and accordingly, there can be achieved 
the tracking control at high accuracy accompanied by 
high positional resolution. Further, the apparatus consti- 
tution can be simplified since the optical systems used 
in detecting fluxes of the reproduced signal and detect- 
ing the tracking signal are not separated but are unified. 

INDUSTRIAL APPLICABILITY 

[0098] As has been explained, according to the 
invention, the unit of information is constructed by the 



structure in which the inclined faces or the curved faces 
are provided symmetrically in the left and right direction 
with the reading direction as the central axis and 
accordingly, the directionalities can be given to the 
s fluxes of reflected light reflected when the unit of infor- 
mation is irradiated with light and the difference 
between the intensities of the fluxes of reflected light 
can be utilized as a signal for tracking. 
[0099] Further, according to the invention, the see- 
to tion of the unit of information orthogonal to the reading 
direction is formed in the triangular shape and accord- 
ingly, when the unit of information is irradiated with light, 
the light can efficiently be reflected at the inclined faces 
of the unit of information, further, the directionalities can 
15 be given to fluxes of the reflected light and accordingly, 
the difference between the intensities of the fluxes of 
reflected fight can be utilized as a signal for tracking. 
[0100] Further, according to the invention, the sec- 
tion of the unit of information orthogonal to the reading 
20 direction is formed in the semicircular shape and 
accordingly, when the unit of information is irradiated 
with light the light can efficiently be reflected at the 
, curved faces of the unit of information, further, thedirec- 
tionalities can be given to fluxes of the reflected light 
25 and accordingly, the difference between the intensities 
of the fluxes of reflected tight can be utilized as a signal 
for tracking. 

[0101] Further, according to the invention, the unit 
of information is constructed by the structure in which 

so the unit of information is provided with the inclined faces 
or the curved faces symmetrically in the left and right 
direction with the reading direction as the central axis 
and is formed in the convex relative to the surface of the 
information recording medium and accordingly, when 

35 the unit of information is irradiated with light which is 
shifted to the left, the light can be reflected strongly in 
the left direction, when the unit of information is irradi- 
ated with light which is shifted to the right the light can 
be reflected strongly to the right direction and accord- 

40 ingly, the difference between the intensities of fluxes of 
the reflected light can be utilized as a signal for tracking. 
[0102] Further, according to the invention, the unit 
of information is constructed by the structure in which 
the unit of information is provided with the inclined feces 

45 or the curved faces symmetrically in the left and right 
direction with the reading direction as the central axis 
and is formed in the concave relative to the surface of 
the information recording medium and accordingly, 
when the unit of information is irradiated with light which 

so is shifted to the left side, the light can be reflected 
strongly in the right direction, when the unit of informa- 
tion is irradiated with light which is shifted to the right 
side, the tight can be reflected strongly in the left direc- 
tion and accordingly, the difference between the irrtensi- 

55 ties of fluxes of the reflected light can be utilized as a 
signal for tracking. 

[0103] Further, according to the invention, the metal 
reflecting film is formed on the surface of the information 
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recording medium and accordingly, light irradiated to the 
unit of information can efficiently be reflected. 
[0104] Further, according to the invention, by form- 
ing the information unit constructed by the structure in 
which the inclined faces or the curved faces are pro- s 
vided on the left and on the right with the reading direc- 
tion as the central axis and with the central axis as the 
top portion, to the information recording medium and 
making the near-field light formed at the very small 
aperture of the reproducing probe incident on the unit of 10 
information, fluxes of the reflected and scattered light 
provided with the directlorialities to the left and to the 
right can be formed, the fluxes of reflected and scat- 
tered light are detected at at least two positions sym- 
metrical with each other relative to the central axis of the is 
very small aperture and the position of the reproducing 
probe is controlled in accordance with the detected sig- 
nal and accordingly, tracking control with high accuracy 
utilizing the near-field light can be carried out. 
[0105] Further, according to the invention, by form- 20 
ing the information unit constructed by the structure in 
which the inclined faces or the curved faces are pro- 
vided on the left and on the right with the rearing direc- 
tion as the central axis and wttlr the centrah axis as the 
top portion, to the information recording medium and 25 
making the near-field light formed at the very small 
aperture off the reproducing probe incident on the infor- 
mation unit, there can be formed fluxes of the reflected 
and scattered light provided with the directionalities to 
the left and to the right the fluxes of reflected and scat- so 
tered light are detected by the first and the second light 
detecting means arranged at at least two positions sym- 
metrical with each other relative to the central axis of the 
very small aperture, the differential signal indicating the 
difference between the first detected signal detected 35 
and outputted by the first light detecting means and the 
second detected signal detected and outputted by the 
second light detecting means, is formed by the differ- 
ence calculating means, position control of the repro- 
ducing probe in accordance with the differential signal 40 
can be carried out by the reproducing probe position 
controlling means and accordingly, tracking control with 
high accuracy utilizing the near-field light can be carried 
out Further, the reproduced signal can be formed by 
carrying out the operation of adding the first detected 45 
signal and the second detected signal by the repro- 
duced signal forming means and accordingly, the infor- 
mation can simultaneously be reproduced. 
[0106] Further, according to the invention, as the 
reproducing probe, there can be utilized the probe of the so 
optical fiber type used in the conventional near-field 
microscope and accordingly, the accumulated technol- 
ogy of the near-field microscope can effectively be 
applied to the information reproducing apparatus. 
[0107] Further, according to the invention, as the ss 
reproducing probe, there can be utilized the probe of the 
cantilever-type used in the conventional near-field 
microscope and accordingly, the accumulated technol- 



ogy of the near-field microscope can effectively be 
applied to the information reproducing apparatus. 
[0108] Further, according to the invention, as the 
reproducing probe, there can be utilized the plane probe 
arranged with the first and the second light detecting 
means and accordingly, the simple apparatus constitu- 
tion can be realized with no need of adjusting the posi- 
tions of the first and the second light detecting means. 
[0109] Further, according to the invention, as the 
reproducing probe, there can be utilized the plane probe 
arranged with the first and the second light detecting 
means and further with the third and the fourth light 
detecting means for detecting the fluxes of reflected and 
scattered light at vicinities of the very small aperture 
and accordingly, the reproduced signal having further 
sufficient intensity can be detected by the first and the 
second light detecting means and the third and the 
fourth light detecting means. 

[01 1 0] Further, according to the invention, the near- 
field light produced at the unit of information of the infor- 
mation recording medium is scattered by the reproduc- 
ing probe, fluxes of the reflected and scattered light are 
detected at at least two positions symmetrical with each 
other relative to the front end portion of the reproducing 
probe, the position of the reproducing probe is control- 
led in accordance with the detected signal and accord- 
ingly, tracking control with high accuracy utilizing the 
near-field light can be carried out 
[01 1 1 ] Further, according to the invention, the near- 
field Hght produced at the unit of information of the infor- 
mation recording medium is scattered by the reproduc- 
ing probe, fluxes of the reflected and scattered light are 
detected by the first and the second light detecting 
means arranged at at least two position symmetrical 
with each other relative to the central axis of the very 
small aperture, the differential signal indicating the dif- 
ference between the first detected signal detected and 
outputted by the first light detecting means and the sec- 
ond detected signal detected and outputted by the sec- 
ond light detecting means is formed by the difference 
calculating means, the position control of the reproduc- 
ing probe in accordance with the differential signal can 
be carried out by the reproducing probe position control- 
ling means and accordingly, tracking control with high 
accuracy utilizing the near-field light can be carried out 
Further, the reproduced signal can be formed by carry- 
ing out the operation of adding the first detected signal 
and the second detected signal by the reproduced sig- 
nal forming means and accordingly, the information can 
simultaneously be reproduced. 
Further, according to the invention, the reproducing 
probe is formed in the wedge-like shape and accord- 
ingly, by reflecting the near-field light produced at the 
unit of information of the information recording medium 
by the two inclined faces constituting the wedge-like 
shape, the directionalities can be given to fluxes of the 
reflected light and accordingly, the difference between 
the intensities of the fluxes of reflected light can be pro- 
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vided further significantly and tracking control with high 
accuracy having high reliability utilizing the near-field 
light can be carried out. Further, the reproduced signal 
can be provided with sufficiently large intensity by the 
reflected light 

Claims 

1 . An information recording medium characterized in 
that in an information recording medium in which 
information to be reproduced by a reproducing 
probe provided with a very small aperture for form- 
ing near-field light is formed on a surface of the 
medium; 

wherein a unit of the information is constructed by a 
structure in which inclined faces or curved faces are 
provided symmetrically in a left and right direction 
relative to a reading direction and the left and right 
inclined faces intersect with each other or the left 
and right curved faces coincide with each other. 

2. The information recording medium according to 
Claim J ^characterized in that_tha_unitof the infor- 
mation is constituted by a section orthogonal to the 
reading direction in a triangular shape. 

3. The information recording medium according to 
Claim 1 , characterized in that the unit of the infor- 
mation is constituted by a section orthogonal to the 
reading direction in a semicircular shape. 

4. The information recording medium according to 
Claim 2 or 3, characterized in that the unit of the 
information is formed in a convex relative to a sur- 
face of the medium. 

5. The information recording medium according to 
Claim 2 or 3, characterized in that the unit of the 
information is formed in a concave relative to a sur- 
face of the medium. 

6. The information recording medium according to any 
one of Claims 1 through 5, characterized in that a 
metal reflecting film is formed on the surface of the 
medium. 

7. An information reproducing apparatus for reproduc- 
ing information by a reproducing probe provided 
with a very small aperture for forming near-field 
light, characterized in comprising: 

an information recording medium in which a 
unit of the information is constructed by a struc- 
ture in which inclined faces or curved faces are 
provided symmetrically in a left and right direc- 
tion relative to a reading direction and the left 
and the right indined faces intersect with each 
other or the left and the right curved faces coin- 
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cide with each other; and 
a control apparatus for detecting fluxes of 
reflected and scattered light produced by scat- 
tering the near-field light by the unit of the infor- 
mation at at least two positions symmetrical 
with each other relative to a central axis of the 
very small aperture along the reading direction 
and controlling a position of the reproducing 
probe in accordance with a detected signal. 

8. An information reproducing apparatus for reproduc- 
ing information by a reproducing probe provided 
with a very small aperture for forming near-field 
light characterized in comprising: 

an information recording medium in which a 
unit of the information is constructed by a struc- 
ture in which inclined faces or curved faces are 
provided symmetrically in a left and right direc- 
tion relative to a reading direction and the left 
and the right inclined faces intersect with each 
other or the left and the right curved faces coin- 

cide with eactLOther; and 

a first and a second light detecting means 
arranged symmetrically with each other in the 
left and right direction relative to a central axis 
of the very small aperture along the reading 
direction for detecting fluxes of reflected and 
scattered light produced by scattering the near- 
field light by the unit of the information and out- 
putting detected signals; 
difference calculating means for calculating a 
difference between a first detected signal out- 
putted from the first light detecting means and 
a second detected signal outputted from the 
second light detecting means and outputting a 
differential signal; 

reproducing probe position controlling means 
for controlling a position of the reproducing 
probe in accordance with the differential signal; 
and 

reproduced signal forming means for calculat- 
ing to add the first detected signal and the sec- 
ond detected signal and forming a reproduced 
signal. 



9. The information recording apparatus according to 
Claim 7 or 8, characterized in that the reproducing 
probe comprises an optical fiber provided with the 

so very small aperture at a front end thereof. 

10. The information reproducing apparatus according 
to Claim 7 or 8. characterized in that the reproduc- 
ing probe is a probe of a cantilever type provided 

55 with the very small aperture at a projected portion 
thereof. 

11. The information recording apparatus according to 
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Claim 7 or 8, characterized in that the reproducing 
probe is a plane probe comprising a plane sub- 
strate formed by being penetrated with a hole in a 
shape of an inverse cone to constitute the very 
small aperture by a top portion thereof and the first 
and the second light detecting means are arranged 
at the plane substrate. 

12. The information reproducing apparatus according 
to Claim 11, characterized in that the reproducing 
probe is the plane probe arranged with a third and 
a fourth light detecting means for detecting the 
fluxes of the reflected and scattered light at vicini- 
ties of the very small aperture. 

13. An information reproducing apparatus for forming 
near-field light at an information recording medium 
and reproducing information by a reproducing 
probe provided for scattering the near-field light, 
characterized in that: 

fluxes of reflected and scattered light produced 
by scattering the near-field light produced at a 
unit of the information formed on the informa- 
tion recording medium by a front end portion of 
the reproducing probe, are detected at at least 
two positions symmetrical with each other rela- 
tive to the front end portion of the reproducing 
probe and a position of the reproducing probe 
is controlled in accordance with a detected sig- 
nal. 

14. An information reproducing apparatus for forming 
near-field light at an information recording medium 
and reproducing information by a reproducing 
probe for scattering the near-field tight, character- 
ized in comprising: 

a first and a second light detecting means 
arranged symmetrically with each other relative 
to a front end portion of the reproducing probe 
along a reading direction for detecting fluxes of 
reflected and scattered light produced by scat- 
tering the near-field light by a front end portion 
of the reproducing probe and outputting 
detected signals; 

difference calculating means for calculating a 
difference between a first detected signal out- 
putted from the first light detecting means and 
a second detected signal outputted from the 
second light detecting means and outputting a 
differential signal; 

reproducing probe position controlling means 
for controlling a position of the reproducing 
probe in accordance with the differential signal; 
and 

reproduced signal forming means for forming a 
reproduced signal by calculating to add the first 



detected signal and the second detected sig- 
nal. 

15. The information reproducing apparatus according 
s to Claim 13 or 14, characterized in that the repro- 
ducing probe is formed in a wedge-like shape. 



15 



20 



25 



30 



35 



40 



45 



SO 



16 



EP 1022 733 A1 



F I G. 1 




BNSDOCID: <EP 1022733A1 J_> 



17 



EP 1 022 733 A1 



F I G. 2 



2 




F I G. 3 



2 




18 



EP 1 022 733 A1 



F I G. 4 




BNSDOCICC <EP 1Q22733A1I_> 



19 



EP 1 022 733 A1 



G 5 




EP 1 022 733 A1 



F I G, 7 




F I G. 8 




BNSOOCIO: <EP 1022733A1_I_> 



21 



EP 1 022 733 A1 



F I G. 9 




22 



EP 1 022 733 A1 




FIG. 11 




BNSDOCID: <EP 1Q22733A1J_> 



23 



EP 1 022 733 A1 



F I G. 1 2 




24 



EP 1 022 733 A1 



INTERNATIONAL SEARCH REPORT 



international application No. 
PCT/JP99/03638 



| A. CLASSIFICATION OF SUBJECT MATTER 
Int. CI* G11B7/24 

According to international Patent Qraifoation (IPC) or to both national daasification and IPC 

B. FIELDS SEARCHED 

i Minimum (kKUrneruetkM^aeardied (dasstfjcatkxi *y**B* £J ,owed b I ^ itti5ouion 

Int. CI* Gl 1B7/ 24/ 522 r G1IB7 /GO , 626/ G21B7/235/ GC1K37/CG 

Documentation searched other than mmimum document* ton to the extent thai and) documents an tndnded is the fields searched 
Jitsuyo Shinan Roto 1922-1996 Tocoku Jitsuyo Shinan Koto 19*4-1999 

Kokai Jitsuyo Shinan Kobe 1971-1999 Jitsuyo Shinan Taroku Roto 1996-1999 

| Electronic diabase consulted during the international search (name of dais base and, where practicable, search terms used) ~ 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category- 



Citation cf document, with indication, where appropriate, of the relevant passages 



Relevant to detm No. 



A 
A 
A 



JP, 61-271635, A (Canon Inc.), 

1 December, 1986 (01. 12. 86) (Family t none) 

JP, 4*263139, A (NBC Corp.), 

18 September, 1992 (18. 09. 92) (Family t none) 

JP, 1O-134409, A (Blop Blectro-Optics Industries 
Ltd.), 

22 May, 1998 (22. OS. 98) ( Family t none) 



1-15 
1-15 
1-15 



Q Farther document* are Toted in the cotfuraaticnof BcxG Q See patent family « 



"A" isiiaaaai stflainf cea pmt nl ran nf rir ■rr-r%lra rrarf 

Iff mita* Jc«aa>b^ iaaiiinalinnal fflreg thto *X" 
I "L* aoowatwsieb«y*ewe*a*a^Bri^ cooatdaedftewdor 
,:HU isntillr u " '' — - ^ WS5M*»dDOaSB9ttS 



\ m cr 




i wfaHia( a>aaaral 



to hm*** mm iavaaafre flee> whea Ae i 
wro)o«eorn«eo(acrau»d0cam 
tea b«^«W»csio»p««alnW»aMtrt 



I Date of the actual compteiicfi of me iniemationai search 
30 July, 19M (30. 07. 99) 



Date of mailing of me foaernationaJ search report 

10 August, 1999 (10. 08. 99) 



| Kaone and mailing address of the ISA/ 

Japanese Patent Office 

I Facsimile No. 



Authorized officer 



Te l ephon e No. 



Form PCTASA/210 (second sheet) (July 1992) 



25 



BNSDOC1D: <EP 1022733A1J_> 



This Page Blank (usptoj 



IRIS B"Uy^ Ul\jit iex ^UOpiv 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

TT^ ■ 1 m A "W T A ~W~W A TT^ ~W TT^l Tit AT A TT"* 

Bft&'L AV All^AJSl^ llVJLAtjrli,S 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 
IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHD3IT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 




This Page Blank (uspto) 



